Background. The incidence of falls among older hospitalized patients is higher than that of community-dwelling older persons. Prevention is important, but factors associated with these falls are less well studied than falls occurring in the community or nursing homes.
Results. Among the multiple clinical and functional risk factors for falls identified, lower limb weakness (i.e., power less than MRC grade 4 in one or both lower limbs) and poor tandem walk ability emerged as two significant predictive factors for falls in the hospital. The overall classification accuracy of fallers and nonfallers was 79%. The sensitivity was 84% and specificity was 75%. Clinical factors were the underlying causes for the lower limb weakness and poor tandem walk performance.
Conclusions. Among clinical and functional risk factors for falls in the older medical patient, lower limb weakness and poor tandem walk ability were most predictive. Falls prevention programs in hospitals should employ these two tests as screening instruments. F ALLING is a serious problem among the older population. One third of community-dwelling older adults will fall each year. In hospital-based surveys, the incidence of falls for older patients is three times that of communityliving older adults. Adverse consequences of falls, including physical injuries and psychological effects (i.e., fear of falling), are common after falls. Subsequent risk of institutionalization after falls is often increased (1) (2) (3) (4) (5) (6) .
Falls prevention is at present based on a multiple risk factor intervention approach (7) . The majority of published studies on risk factors for falls were performed either in the community or nursing homes. In these studies (1) (2) (3) (4) (5) (6) , the following risk factors were often found: stroke; Parkinson's disease; arthritis; motor weakness (e.g., difficulty in standing up from a chair); poor balance (e.g., difficulty in performing a tandem walk); previous history of falls; use of psychoactive drugs (i.e., sedatives, hypnotics, or antidepressants); weak handgrip strength; cognitive impairment; heart disease; visual problem (e.g., double vision); and use of diuretics. In the hospital, factors due to acute medical illnesses may be present in addition to past medical diseases and disabilities. Two previous studies (8, 9) reported that impaired orientation, previous stroke, incoordination, impaired "Get-up-and-go" test, use of psychoactive medications, previous history of falls, and needing help in daily activities are important risk factors for falls in the hospital.
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It has been reported that performance-oriented mobility assessment measures are more useful in identifying mobility problems than a disease-oriented approach (10, 11) . Apart from the "Get-up-and-go" test, other performanceoriented mobility tests such as the functional reach, tandem walk, 5-meter walking time, timed chairstand, and Tinetti Balance and Gait Evaluation are also useful for assessing physical function or mobility (2, (10) (11) (12) (13) . Furthermore, some of these tests are simpler to perform on older patients than the "Get-up-and-go" test. The aim of this study was to investigate the clinical and performance-oriented functional factors associated with falls in the older hospitalized patient.
METHODS
Subjects.-For the purposes of this study, a fall was defined as an event resulting in a person coming to rest unintentionally on the ground or other lower level, not due to any intentional movement or extrinsic force (e.g., being knocked down by a trolley). This case-controlled study was performed in all medical wards of the Queen Mary Hospital of Hong Kong.
Queen Mary Hospital is a university-based acute-care general hospital that receives 24-hour emergencies. The hospital, together with three other hospitals in the South M39 and West parts of the Hong Kong Island, serves a population of 0.55 million. The diseases treated in our medical wards cover the full spectrum that is encountered in any major medical department.
During November 1995 to March 1997, all older medical inpatients (aged 65 or older) who fell during hospitalization were assessed within 48 hours of the fall. Queen Mary Hospital has a ward accident report system, and any inpatient who fell would be reported to the ward manager. The nurse on duty must fill out a ward incident report. Both injurious and noninjurious falls must be reported. During the period of the study, a research assistant visited the ward every day (except Sundays and holidays) to check for fall incidents (both injurious and noninjurious). She then screened the cases by the inclusion/exclusion criteria. With this system, we found the nonreporting and delayed reporting (over 48 hours) of noninjurious falls was approximately 7% during the study's period. Half of them belonged to "delayed reporting."
The inclusion criterion was medical inpatients, aged 65 years or,' older, who fell during hospitalization. For every faller (case), a matched control was recruited. The control must be of the same sex, within 5 years in age, a medical inpatient who did not fall during hospitalization (every control was monitored during the hospitalization period). Because the study was performed in a prospective manner, it would be difficult to predict the discharge dates for both cases and controls. Therefore, controls were not matched for the length of stay. Exclusion criterion for both case and control was critically ill or unconscious patient. Written informed consent was obtained from all participants. The study protocol was approved by the Queen Mary Hospital's Ethics Committee.
Assessment of clinicalfactors.-A full history and physical examination, including neurological examination, was performed by the physicians. Investigations included a full blood count, electrolytes, creatinine, and urea. Electrocardiogram (EKG), chest X-ray, CT brain scan, and other investigations were arranged by the attending physician when clinically indicated. A total of 36 possible clinical risk factors were assessed. These factors included previous history of falls, number of previous falls, the principal medical diagnosis, diabetes mellitus, hypertension, congestive heart failure, postural hypotension (~20 mmHg), active neoplastic diseases, new stroke, previous history of stroke, Parkinsonism, lower limbs weakness (i.e., less than grade 4 by Medical Research Council grade), incoordination, proprioception, arthritis of knees, sedative or psychoactive drug use, dementia, disorientation, subnormal Abbreviated Mental Test (AMT) score of~5 out of 10 (14, 15) , and poor visual acuity (failure of finger counting).
Performance-oriented tests of physical functions.-Posture, balance, gait, hand function, and ability to perform activities of daily living (ADLs) were assessed in all fallers and controls. The following standardized tests were done by our physiotherapists: Tinetti Balance and Gait Evaluation (11); functional reach (13); timed "Up & Go" test (16); single chairstand time; 5-meter timed walk; tandem walk (2-meter; noting number of errors); Romberg test (eyes open, then closed); single leg standing; hand grip strength with Jamar dynamometer (2); and heel-shin test (17) . The interrater reliabilities of these tests were: Tinetti Balance and Gait Evaluation (Spearman correlation r = .97, p < .001); functional reach (r = .37, p = n.s.); timed "Up & Go" test (r =.98, P < .001); single chairstand time (r =.93, P < .001); 5-meter timed walk (r =.93, P < .001); tandem walk Furthermore, the ability to perform ADLs and hand function were assessed by our occupational therapists. Shah's Barthel Index was used for assessment of ADLs (18) . For hand function, the nine-hole peg test, wringing a towel, opening ajar, using a zipper, and tying a knot were tested. were regarded as statistically significant. Variables with p < 0.2 were selected for subsequent multivariate logistic regression analysis. Stepwise logistic regression (p-te-enter .05; p-to-remove .10) was performed to determine the predictor variables associated with the faller status. The statistical software package SPSS for Windows (version 6.1) was used for data analysis (19) .
RESULTS
A total of 57 older medical patients fell during the study period. However, 2 patients were not reported; 2 patients were reported after 48 hours and were excluded; 1 patient who was critically ill because of acute myocardial infarction was excluded; 1 patient refused to participate. Therefore, 51 pairs of cases (fallers) and controls (nonfallers) were studied. Two critically ill controls who could not finish the assessment were replaced by another 2 matched controls. Twenty-four pairs were men and 27 pairs were women. The mean age was 77.8 ± 7.3 years and 77.5 ± 7.0 years for fallers and nonfallers, respectively. Sixty-four percent of falls occurred while the fallers were on or around the bed (standing or walking); 19.6% of falls occurred in the toilet or bathroom; and 19.6% of the falls took place along the path to the toilet or bathroom. Only 3.9% of falls occurred while the fallers were sitting on a chair. The remaining 5.9% of falls occurred in other areas of the medical ward.
Physical injuries were present in 21 fallers (41.2%); 31.3% of them sustained soft tissue injuries, and new fractures were present in 9.9% of the fallers (5 patients). There were three hip fractures, one Colles' fracture, and one rib fracture.
Bivariate analyses showed that previous history of falls, active neoplastic disease, self-perceived mobility problems, new stroke (with or without previous stroke), any cause of lower limbs weakness (i.e., less than MRC grade 4), postural hypotension (~20 mmHg), disorientation, low AMT score (~5) (15) , use of psychoactive drugs (sedatives, hypnotics, and antidepressants), and the use of walking aids were significant clinical factors for falls (Tables I and 2 ). For lower limbs weakness, the underlying causes were new or previous stroke, hypokalaemia (7 in fallers but 0 in controls), deconditioning (4 in fallers but 0 in controls), and other causes including fever and chronic renal failure.
Previous history of stroke, Parkinsonism, osteoarthritis of knees or hips, chronic obstructive airway disease, pneumonia, asthma, hypertension, diabetes, non-psychoactive drugs (including antihypertensives and antiarrhythmics), and poor visual acuity (failed finger counting) were insignificant clinical factors.
Before dichotomizing the various performance-oriented tests of physical functions, various cutpoints for each test's ability to distinguish between fallers and nonfallers were analyzed by sensitivity and specificity analyses. The cutpoints with the best combination of sensitivity and specificity were then selected. For example, the tandem walk test with a cutpoint of more than two errors attained the best combination of sensitivity (82.2%) and specificity (80.9%).
For the functional performance factors, bivariate analyses showed that low balance score, low gait score, low total mobility score, failed sternal nudge, slow single chairstand time (>2 sec), slow timed "Up & Go" test (~20 sec), poor tandem walk (>2 errors), 5-m timed walk >11 sec, weak righthand grip «10 kg force), Romberg test (eyes open), abnormal heel-shin test, failed 9-hole peg test, failure to open a jar, failure to wring a towel dry, failure to pull open a zipper, tying a knot, and low Barthel Index were all significant risk factors (Table 2) .
In logistic regression analysis (forward stepwise) for clinical factors, lower limbs weakness (<MRC grade 4) and psychoactive drug use were significant factors. The model yielded an overall classification accuracy of 70%, a sensitivity of 49%, and a specificity of 90% (Table 3) .
When both clinical and functional performance factors were included in logistic regression analysis (forward stepwise), the two factors that emerged as significant (p < .05) were lower limbs weakness (power < MRC grade 4) and tandem walk test (>2 errors). For lower limbs weakness, the odds ratio was 13.1 with a 95% confidence interval of 2.9 -58.7. For tandem walk, the odds ratio was 22.0 with a 95% confidence interval of 6.7 -72.4. The logistic regression model with these two factors had an overall classification accuracy of 79%, a sensitivity of 84%, and specificity of 75% (Table 4 ).
DISCUSSION
Falls are common in the acute-care hospital, particularly among older patients. The average incidence of falls in older hospitalized persons was estimated to be 1,650 pa- years for those 70-79 years old, and 543 per 1,000 patientbed years for those 80-89 years old (20) . Therefore, the rate of falls in Hong Kong was close to the lower bound of previous reports among older adults. Nonreporting of falls was one probable cause of an apparently low incidence of falls. In our study, we only found a 7% rate of combined nonreporting and delayed reporting (over 48 hours). The consequences of falls are certainly serious; five fallers (9.9%) had bone fractures and another 31.3% had soft tissue injuries after falls in this study. Early identification of older patients at risk of falling in the hospital is therefore important. For clinical factors, we found that patients with a previous history of falls, active neoplastic disease, selfperceived mobility problems, stroke (with or without previous stroke), lower limbs weakness (less than MRC grade 4), postural hypotension (~20 mmHg), disorientation, low AMT score, use of psychoactive drugs (sedatives, hypnotics, and antidepressants), and use of walking aids were significant factors. After adjustment for other clinical factors, only lower limbs weakness and psychoactive drug use were significant factors in predicting falls. These findings were similar-to previous reports in community-and hospital-based studies (1) (2) (3) (4) (5) (6) (7) (8) (9) .
For functional performance factors, we found that fallers in general had poorer performance in upper limb functions (6) . In Hong Kong, the incidences of falls in the hospital were 274 per 1,000 patient-bed years for all ages, 318 per 1,000 patient-bed (e.g., 9-hole peg test, wringing a towel), lower limb functions (e.g., Tinetti Balance and Gait Evaluation, tandem walk, timed walk), and whole body functions (i.e., as reflected by Shah's Barthel Index) than nonfallers. Overall, fallers were physically frailer than nonfallers. To assess the possible bias of fall-induced impairment, subjects (casecontrol pairs) who were unable to perform the tests (due to fractures or other injuries) were first excluded from and then included in the analyses. After excluding these injured subjects, the significant factors found were more likely to be risk factors than consequences of the falls. The findings were essentially the same in the series of analyses.
Adding functional performance measures to clinical factors increased the sensitivity in identification of fallers (Tables 3 and 4 ). Among all significant clinical and functional performance factors, lower limb weakness and poor tandem walk performance were the best predictors for falls. Together, these two factors gave a sensitivity of 84% and specificity of 75%.
These performance-oriented tests of physical functions were highly correlated. Significant associations were found between the tandem walk test and Romberg test (eyes open), chairstand time, timed "Up & Go" test, 5-m timed walk, 9-hole peg test, wringing a towel, and Tinetti Balance and Gait evaluation (i.e., all p values < .05; chi-square).
These tests measured different aspects of the lower limbs and upper limbs function. Therefore, a large reduction of these physiologically related variables after multivariate analyses was expected. The tandem walk test emerged as the most sensitive test among the pool of tests performed in the present study.
Two previous hospital-based studies reported that impaired orientation, previous stroke, incoordination, impaired "Get up and Go" test (12) , use of psychoactive medication, previous history of falls, and needing help in ADLs were important risk factors for falls in hospital (8, 9) . The major limitation in Gluck et al.'s study (9) was the lack of specific examination or direct functional assessment (i.e., balance or gait evaluation) of the study subjects. Furthermore, the authors also admitted that inaccuracy in documentation might be present. In another study, a few functional assessment tests including the "Get up and Go" test were used. The final model, which included four parameters (impaired orientation, evidence of stroke, psychoactive drug use, and poor performance in the "Get up and Go" test), gave a sensitivity of 68.2% and specificity of 90.9%. The sensitivity was lower than the model obtained in the present study. We believe the discrepancy was due to the fact that the "Get up and Go" test was less sensitive than the tandem walk test as a predictor for falls in hospitalized older patients.
The risk of falling in the hospital could be conceived as a three-staged concept. The presence of clinical factors (e.g., psychoactive drugs, hypokalaemia) would lead to weakness of lower limbs, balance or gait impairment, or both. Direct assessment of lower limbs power and use of tandem walk test would display abnormal performance in the majority of fall-prone older hospitalized patients. The presence of lower limbs weakness and poor tandem walk substantially increased the risk of falling. Falls would occur subsequently.
Effective falls prevention in the hospital can be accomplished by a two-level approach-screening for high-risk cases followed by focused intervention toward these older patients. Lower limbs' motor power and tandem walk test can serve as sensitive screening tests for assessing the risk of falls in every older patient. After identifying these fallprone older patients, the next step is to find the underlying clinical factors or causes. As described in the Results section, the underlying clinical causes would include active neoplastic disease, stroke (with or without previous stroke), postural hypotension (~20 mmHg), disorientation, low AMT score, psychoactive drug use (sedatives, hypnotics, and antidepressants), and causes for lower limb weakness (e.g., hypokalaemia, deconditioning). For readily treatable cases, prompt treatment can be given. Reassessment of the risk of falls can be repeated after treatment. For persistent or irreversible underlying causes, the detection of fall-prone patients will at least initiate close observation and protective methods (e.g., hip protectors).
One limitation of the present study was its case-control design. It was difficult to differentiate between cause and effect. There was a possibility that risk factors were changed by the occurrence of falls. Subjective factors (i.e., "selfperceived mobility problem") was particularly liable to this type of influence. To minimize the bias of fall-induced impairment on performance-oriented tests, subjects (casecontrol pairs) who were unable to perfonnthe tests (due to fractures or other injuries) were excluded from the initial bivariate and multivariate analyses. After excluding these injured subjects, the significant factors found were more likely to be risk factors than consequences of the falls. Subsequently, all valid subjects were included in the bivariate and multivariate analyses. In all, lower limb weakness and tandem walk error (>2) emerged as the most significant predictors in multivariate analyses. A cohort study might be able to define the cause-effect relationship. However, one must understand that inpatients' conditions often changes rapidly in an acute-care hospital setting. Unless daily assessment of risk factors (including tests of physical function) is performed, emergence of new risk factors (e.g., weakness due to hypokalemia, new stroke) may be undetected.
Another limitation was the sample size, which resulted in fairly wide confidence intervals of the predictors in the final model. There was a possibility of failure in detecting other marginally significant variables. This was not very likely in the case of dementia, where the AMT score was a valid measure of the cognitive function and was performed in this study; it was found to be significant in bivariate but not multivariate analyses. A larger study than the present one might be able to overcome these limitations.
Despite these limitations, our findings serve to narrow the knowledge gap on the risk factors of falls in the acute hospital setting. In particular, the use of performanceoriented measures of function in this population group have important implications in the assessment of risk of falls in hospitalized older patients.
In conclusion, definite clinical and functional performance risk factors are present in older patients with falls occurring in the hospital. A brief screening protocol with two clinical and performance-oriented tests can promptly identify those older hospitalized patients at risk of falling. The search for underlying clinical causes, removal of offending causes, and implementation of protective mechanism for falls can be focused on this subgroup of patients. Definitive evidence for the efficacy of the proposed approach will require a prospective randomized control trial.
